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Primary phosphines, compounds of the type RPH2, are notorious for 
their reactivity with oxygen – many exhibit pyrophoric behavior. This 
reactivity has hindered the development of its chemistry despite its 
potential utility as a synthon and its analogy to well-explored primary 
amines. Herein, two new approaches for aryl and alkyl primary 
phosphines are reported. We also report (4-Me2NPh)PH2, the first 
aryl, air-stable primary phosphine that is not kinetically stabilized by 
bulky ortho substituents. Phosphines are identified primarily by 1H 
and 31P NMR spectroscopy and MS. Experimental air-stability 
observations are compared to molecular modeling predictions using 
semi-empirical, Hartree-Fock, and DFT methods.
Primary phosphines, RPH2, are of interest due to their potential 
usefulness as synthons for more complex secondary and tertiary 
phosphines.1 Despite their structural similarities to the more commonly 
encountered primary amines, RNH2, this class of compounds has seen far 
fewer examples of related transition metal complexes or organic reactions 
developing from their due to their strong propensity towards oxidation. 
This sensitivity ranges from "an inconvenience" to "a serious safety 
concern" as many primary phosphines are pyrophoric materials –
spontaneously combusting in air. It is this latter issue that has severely 
limited the breadth of knowledge on their reactions and properties as lab 
handling is restricted to a combination of laboratory skills and facilities 
that few possess.
Surprisingly, there are a small number of reported primary phosphines 
that are insensitive to ambient oxygen and can be manipulated in the 
open-air. While some of these are "special cases" that were targeted for 
their likely kinetic stability, others were not anticipated to be so stable. 
This lack of predictability has only further contributed to the relative lack of 
exploration of these compounds.
Bisalkylphosphine
1a. KOH (11.35 mmol), MeOH (3 mL), and [P(CH2OH)4]Cl (12.1 mmol) were 
added to a microwave vial and the solution was stirred (30 min).
1b. The alkyl bromide (1.95 mmol) and MeOH (9 mL) were added to the vial. The 
reaction was then carried out using MW irradiation (1 hr, 135 ℃).
1c. The bisphosphonium salt was dissolved in water (7 mL) and layered with 
hexanes (7 mL) and heated using MW irradiation (1 hr, 120 ℃).
Monoarylphosphine
2a. Magnesium turnings (1.2 g) in THF was added to a flask. Aryl bromide (5 
mmol) in THF (2.5 mL) was added to a separate flask. A few drops of aryl 
bromide solution and an iodine crystal were added to the magnesium and the 
solution was warmed(~40 ℃). The remaining bromide solution was added 
dropwise (20 min), the water bath removed, and the solution stirred at rt (1 hr). 2b. 
Diethylchlorophosphate (4.5 mmol) in THF (2.5 mL) was added dropwise to the 
Grignard solution (–5 ℃) and the solution stirred (12 hr). The solvent was 
removed in vacuo. The resulting solution was redissolved in acetone and filtered 
via flash chromatography. The solvent was again removed in vacuo, and the 
remaining substance was redissolved in ether.
2c. Chlorophosphate solution was added to a solution of LAH (6.75 mmol) in ether 
(10 mL) (0 ℃). H2O and DCM were added to the solution, the solution was 




Our group is making efforts to advance the area of primary 
phosphines through multiple means:
1) we have improved, simplified, and shortened a common protocol 
for the synthesis of alkyl primary phosphines
2) we have vastly improved the approach to aryl primary 
phosphines by utilizing a vastly superior phosphorus precursor
3) we synthesized the first air-stable, monoarylphosphine without 
ortho substituents
4) we have further validated our “low-cost” computational methods 
by the actions of the previous
As we continue to expand this field we intend to isolate and test 
more arylphosphines to “fine tune” the SOMO thresholds as well as 
to eventually seek out the underlying oxidation mechanism
Thank you to Winona State University for funding this research 
through the WSU Student Research Grant. Additional thanks to Dr. 
Joseph K. West for his continued mentorship
1 Pillarsetty, N.; Raghuraman, K.; Barnes, C. L.; Katti, K. V. J. 
Am. Chem. Soc. 2005, 127 (1), 331–336.
2 Woollins, J. D. Inorganic Experiments. 2010, 3, 219. 3Stewart, 
B.; Harriman, A.; Higham, L. J. Organometallics 2011, 30, 
5338–5343.
4Yoshifuji, M.; Shibayama, K.; Inamoto, N. J. Am. Chem. Soc. 
1983, 105, 2495–2497.
5Gordon, M. S. et al. J. Am. Chem. Soc. 1982, 104, 2797–2803. 
6Stewart, J. J. P. J. Mol. Model. 2007, 13, 1173–1213.
Scheme 1a: tris(hydroxymethyl)phosphine 
Scheme 1b: bisphosphonium salt 
Scheme 1c: hydroxymethylphosphonium cleavage 
Scheme 2a: Grignard formation
Scheme 2b: aryl diethylphosphate formation































Ph H F 
Ortho Meta Para



















Ph H F 
Ortho Meta Para
Threshold = -12.555 eV
“Low cost” methods, previously benchmarked against an experimentally-
backed training set, have been used to predict potentially air-stable 
phosphines. SOMO energies of the radical cation form, when above a 
threshold value, serve to indicate stability to ambient oxygen. A variety of 
monosubstituted arylphosphines were modeled and p-
(dimethylamino)phenylphosphine and p-biphenylphosphine have both 
been predicted as at or above the SOMO threshold by the best performing 
computational methods.
Conventionally, this synthesis 
requires four steps, the first of 
which (0) is altogether 
avoided. Step 1a is 
unchanged .
Step 0: Conversion of alkyl halide 
to trimethylammonium salt. Step 
1a: MeOH, rt, 30 min
requires trimethylammonium
precursor
Step 1b: MeOH, MW, 1 hr, 135 
℃ requires a reflux of 20 hr at 
~70 ℃
Step 1c: 1:1 water:hexanes, 
Na2S2O5, MW, 1 hr, 120 ℃
requires 1:1 water:light 
petroleum solvent system 
and a reflux of 3 hr 
This procedure has resulted in an estimated yield of ~15–20 % making it 
already comparable with the reported method but it will not be plagued by 
reduction (via LiAlH4) of the amide.
Solution-based air-stability test for 4-(dimethylamino)phenylphosphine. 
Sample is dissolved in chloroform and left to sit, while periodic 31P NMR 
spectra are collected to gauge % oxidation. After 20 d at rt in CDCl3, 
oxidation appears to be negligible. 31P: δ –126.32 (JPH = 408 Hz)
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These types of targets are 
conventionally made using PCl3 
or ClP(NEt2)2 as the phosphorus 




3) fewer steps to RPH2
4) same reductant (LiAlH4)
